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® Process for stabilizing bitumen-polymer blends. 



@ Process for stabilizing blends of bitumen and thermoplastic polymer, which consists in treating the above 
said mixtures in an inert environment at a temperature comprised within the range of from 21 0 to 240 • C. and 
during a time of from 1 to 4 hours, with a vinyl aromatic compound, with bitumen toeing selected from those 
having such contents of resins, asphaltenes, aromatics and saturated species, as to comply with the condition 
2>5, with "Z" t>eing defined by the expression: 

Z = Kia/b + Kzc- Kad 

wherein "a" represents the percent content, by weight, of resins fraction, "b" the percent content, by weight, of 
asphaltenic fraction, "c" the percent content, by weight, of aromatic fraction, "d" the percent content by weight, 
of saturated fraction; Ki = 0.961 ; Ks = 0.087; K3 = 0.055. 
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The present invention relates to a process for stabilizing bitumen-polymer blends. 

it is known that in order to improve the quality of bitumen, in particular from the rehological viewpoint, 
several types of copolymers, in particular of elastomeric type, are often us d. 

So, e.g., US-A-4,21 7.259 teaches using symmetrical radial copolymers constituted by dienic and 
5 vinylaromatic blocks; US-A-4,585,81 6 teaches using block copolymers of a monoalkenyl aromatic monomer 
and a conjugated diolefin; US-A-3,915.914 teaches using 1-butene homopolymers and copolymers: US-A- 
3,615,830 claims isoolefin copolymers, in particular poi^yisobutene. 

The most effective polimeric additives seem to be the styrene-diolefin block copolymers, in particular 
styrene/butadiene and styrene/isoprene block copolymers. 
10 The so modified bitumens can be destined to uses for which the performance of normal bitumens 
proves to be insufficient. Thus, applications in the fteld of draining and sound-absorbent conglomerates, in 
the field of water-proofing systems, and so forth, may be cited. 

However, the polymers used in order to modify the properties of bitunr>ens generally display the 
drawback of being poorly compatible with bitumens. This lack of compatibility manifests itself as a trend of 
;5 both components to undergo phase separation under resting conditions; in that way, a polymer-rich top 
layer and a bitumen-rich bottom layer are formed. 

The above said drawback is partrculariy serious when the production locality does not coincide, as it 
often happens, with the application locality, or when between the preparation time and the application time, 
a time period elapses. 

20 Therefore, the storage-stability, in particular when hot. of bitumen-polymer blends results to be very 
important for the purposes of a correct and advantageous use thereof. 

In order to solve this problem. BE-858,770; BE-858,771 and BE-870,287 disclose reactions of bitumen 
with polyolefins containing one or more double bonds. The polyolefin is anchored to bitumen by means of 
sulfur, which acts as a crossltnking agent. 
25 EP-A-0 496 457 discloses a process which consists in causing the bitumen-polymer blend to react with 
an unsaturated dicarboxy acid, or dicarboxy acid anhydrides, in particular with maleic anhydride. This 
process displays the drawback deriving from the toxicity of maleic anhydride. 
A process which overcomes the above said drawbacks has been found now; 

In accordance therewith, the present invention relates to a process for stabilizing blends of bitumen and 
30 thermoplastic polymer, characterized in that the above said blends are caused to react in an inert 
environment at a temperature comprised within the range of from 210 to 240 'C. preferably of from 220 to 
230 • C, and during a time of from 1 to 4 hours, preferably, of from 1 00 to 200 minutes, with a vinyl aromatic 
compound, with bitumen being selected from those having such contents of resins, asphaltenes, aromatics 
and saturated species, as to comply with the condition 2>5, with "2" being defined by the expression: 

35 

Z ^ K^a/b + K^c- Kad 

wherein "a" represents the percent content, by weight, of resins fraction, "b** the percent content, by 
weight, of asphaltenic fraction, "c" the percent content, by weight, of aromatic fraction, ''d" the percent 

40 content, by weight, of saturated fraction; Kt = 0.961; K2 = 0.087; Ka = 0.055. 

The values "a", "b", "c" and "d* are determined by first treating bitumen with n-pentane in order to 
separate the asphaltenic fraction. The soluble fraction in n-pentane. constituted by malthenes, is analyzed 
by means of ASTM method D2007. According to this method, after recovering the asphaltenic fraction by 
adding n-pentane to bitumen and separating the not dissolved portion, the soluble portion (malthenes) is 

45 percolated through two mutually superimposed cylindrical columns, wherein the upper column contains 
decolorizing earth and the lower column contains a layer of decolorizing earth and a si^ica layer. 

The saturated fraction is obtained by collecting the eluate after percolating n-pentane through both said 
columns. 

The resins fraction is obtained by collecting the eluate after percolating a mixture of 1 : 1 toluene : 
50 acetone through the upper column containing decolorizing earth. 

After separating the above fractions, the aromatics fraction is obtained by means of the same procedure 
as reported above, by percolating through both superimposed columns a mixture of 1 : 1 toluene : ethyl 
alcohol. 

A bitumen which meets the above cited conditions, i.e.. as a value of Z>5, is stabilized with an amount 
55 of vinyl aromatic compound comprised within the range of from 0.1 to 0.4 mol, preferably of from 0.15 to 
0.3 mol. per 100 g of bitumen. 

By "vinyl aromatic compound" those compounds are understood which contain a double bond of 
olefinic type in the alpha-position to an aromatic ring. Styrene, alpha-methyl styrene, divinyl benzene, vinyl 
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naphthalene, and their alky! derivatives belong to this category of compounds. 

In the preferred embodiment, the vinyl aromatic compound is selected from styrene and alpha-methyl 
styrene. 

The polymers which can be used in mixture with bitumen are copolymers of elastomeric time. 
5 Particularly useful are block copolymers containing vinylbenzenes and conjugated dienes, with radial 
structure. This category of polymers can be represented with the general formula X(B-A)n,. wherein A 
represents a block obtained from monomers of vinyiaromatic type. B is a block obtained from dienic 
monomers, X is a radical deriving from a coupling agent and m is a numeral depending on the used 
coupling agent, and is normally comprised within the range of from 3 to 5 or more. 
10 Particularly useful for obtaining stable blend are radial copolymers containing polystyrene and poly- 
butadiene blocks (the so-said '^SBS" block copolymers), usually with a ratio of styrene:butadiene comprised 
within the range of from 20:80 to 40:60 and a molecular weight of from 200,000 to 400,000 

The bitumen polymer blends obtained by means of the process according to the present invention 
result to t>e stable under conditions of high-temperature storage. Under these conditions, the formation of 
75 separated layers or heterogeneous zones is not observed even after long storage time periods. 

The above said stabilized blends display good characteristics of flexibility and elasticity, and can be 
advantageously used as binders for high-performance road conglomerate and watpr-proofing membranes. 

The stable bitumen-polymer blends according to the present invention are prepared in a simple way by 
blending, at a temperature comprised within the range of from 210 to 240 'C, preferably of from 220 to 
20 230 • C, the suitable amounts of bitumen, of the polymer and of the unsaturated agent, under an inert 
blanketing atmosphere, preferably under nitrogen. The necessary time for the interaction to take place is 
generally comprised within the range of from 1 to 4 hours, preferably of from 100 to 200 minutes. 

According to the preferred embodiment of the present invention, during a first step bitumen and 
polymer are blended at the desired temperature (for a time period of from 20 to 80 minutes) and then, still 
25 at the same temperature, the vinyiaromatic compound is added, preferably under an inert atmosphere. The 
resulting blend is kept with stirring, caring of recondensing the vapours, until the desired reaction time is 
reached - 

Sometimes, the lighter fractions present in the mixture may optionally be removed by applying a slight 
depression at treatment end. or by means of a flowing stream of inert gas. 
30 The process according to the present invention did not evidence any limits as regards the polymer 
content in the stabilized bituminous blend. However, it is preferable, also owing to self-explanatory reasons 
of cheapness, that the polymer is present in an amount comprised within the range of from 1 to 15% by 
weight based on bitumen. 

According to a more preferred embodiment of the process according to the present invention, bitumen 
35 is admixed with polymer amounts corresponding to levels of from 5 to 20% of polymer, the stabilization of 
the blend is carried out and then the so stabilized blend is diluted with fresh bitumen in order to obtain a 
blend in which the end content of polymer is comprised within the range of from 1 to 15% by weight. In that 
way. by adding fresh bitumen to the stabilized blend, a stable polymer-bitumen composition can be 
obtained with the desired fluidity characteristics. 
40 Both bitumens, i.e.. the initially used bitumen and bitumen used for said dilution, must anyway comply 
with the constraint of "Z" being higher than 5. 

The following examples are reported in order to better illustrate the present invention. 

EXAMPLES 

45 

In the following experimental tests, two different bitumens having the following characteristics were 
used: 





Bitumen 1 


Bitumen 2 


Penetration, at 25 * C (dmm) 


193 


98 


Softening point ( • C) 


37.5 


44.5 


Penetration index 


-1.35 


-1.01 


Fraass break point ( • C) 


-17 


-12 


Viscosity at 60*C (Pa.s) 


50 


116 



The above said bitumens displayed the following composition, wherein the indicated levels are 
expressed as percent contents, by weight: 
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Bitumen 1 


Bitumen 2 


C5 Asphaltenes %: 


13.3 


16.0 


Resins %: 


69.0 


63.0 


Aromatics %: 


10.0 


12.1 


Saturated species %: 


7.7 


8.9 



From the above values of percent levels, the "Z" value results to be of 5.43 for Bitume 1, and be of 
4.35 for Bitumen 2. which cannot be used for the process according to the present invention. 

The storage stability of bitumen-polymer blends is evaluated by measuring, at time intervals, the 
difference t>etween the softening point of the upper layer and the softening point of the lower layer of the 
mixture submitted to storage inside a cylindrical container at 170' C. 

Example 1 

20.3 g of SBS polymer is added, under an inert atmosphere, to 220.8 g of Bitumen 1. heated at 225 • C. 
and the resulting blend is kept stirred for 30 minutes. Then. 4.3 g of styrene is added with the blend being 
kept with stirring for 90 minutes, still at 225 • C. 

The added styrene amount corresponds to 0.204 mol per each 100 g of SBS. i.e., to about 1.75% of 
the reacting mass. The product displays the following characteristics: 

• Penetration at 25* C: 107 dmm; 

• Ring-ball softening point: 104'C: 

• Penetration index: + 9.32. 

After a 10-days storage, the softening points of both the top and bottom portions, are perfectly the 
same. 



Example 2 

By operating similarly to as disclosed in Example 1, the end mixture, after the reaction with styrene, is 
diluted, at 180"C, during 30 minutes, with 91.5 grams of bitumen type 1. in order to reduce the F>olymer 
level down to 6.0%. 

The diluted product displays the following characteristics: 

• Penetration at 25 * C: 1 00 dmm; 

* Softening point: 101 'C; 

" Penetration index: + 8.82. 

After a 5-days storage, the softening points of the top and bottom portions of the blend display a 
difference of 2 • C, thus demonstrating that modified bitumen retains its stability even after dilution with fresh 
bitumen. 

Example 3 

20.3 g of SBS polymer is added, under an inert atmosphere, to 220.8 g of Bitumen 1. heated at about 
225 • C, and the resulting blend is kept stirred for 30 minutes. Then, 5.5 g of alpha-methyl styrene (0.230 
mol) is added, with the blend being kept with stirring for 90 minutes, still at about 225 *C. 

The resulting blend had a penetration of 88 dmm, and a softening point, by the ring-ball method of 
103.5*C. 

After a 5-days storage at 170*C inside cylindrical containers, no differences could be observed 
between the top and bottom softening points. After a 10-days storage, the difference between the softening 
points resulted to be of 1 .5 ' C. 

Example 4 (comparison example) 

The preparation is repeated as disclosed in Example 1, using th sam amounts of Bitumen 1 and 
polymer, but without adding any further additives. 

After an only 1-day storage tim at 170*C. the difference between the softening points of the top 
portion and of the bottom portion was of 29 • C. 
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Example 5 (comparison example) 

The preparation is repeated as disclosed in Example 1 , by operating in exactly th same way and using 
the same amounts of reactants. with the only difference that Bitumen 2, the "Z" value of which is of 4.35. is 
5 used. After an only 1-day storage time, the difference l^tween the softening points of the top portion and of 
the bottom portion is of 58 * C. 

Example 6 (comparison example) 

10 The process is repeated by operating in exactly the same way as disclosed in Example 1. with the only 
difference being the temperature value, which is of exactly 200 • C, rather than 225 * C, as in Example 1 . 
The resulting product displays the following characteristics: 
' Penetration at 25 • C: 1 07 dmm; ' 
• Ring-ball softening point: 11 3 * C 
15 After 1 day of storage at 170'C, the difference between the softening points of the top portion and of 
the bottom portion is of 41 .5 * C. 

Claims 

20 1. Process for stabilizing blends of bitumen and thermoplastic polymer, characterized in that the above 
said blends are caused to react in an inert environment at a temperature comprised within the range of 
from 210 to 240 'C, and during a time of from 1 to 4 hours, with a vinyl aromatic compound, with 
bitumen being selected from those having such contents of resins, asphaltenes, aromatics and' 
saturated species, as to comply with the condition Z>5. with "Z" being defined by the expression: 

25 

Z = KyaJb + K2C- Kad 

wherein "a" represents the percent content, by weight, of resins fraction, "b** the percent content by 
weight, of asphaltenic fraction, "c" the percent content, by weight of aromatic fraction, "d" the percent 
30 content, by weight, of the saturated fraction; Kt = 0.961; K2 = 0.087; K3 = 0.055. 

2. Process according to claim 1. characterized in that said vinyl aromatic compound is selected from 
styrene, alpha-methyl styrene. divinyl benzene, vinyl naphthalene, and their alkyl derivatives. 

35 3. Process according to claim 2, characterized in that said vinyl aromatic compound is selected from 
styrene and alpha-methyl styrene. 

4. Process according to claim 1. in which tiie content of thermoplastic polymer is comprised within the 
range of from 1 to 15%. by weight, relatively to bitumen. 

40 

5. Process according to claim 1. in which the thermoplastic polymer is a radial copolymer containing 
polystyrene and polybutadiene blocks. 

6. Process according to claim 1 , in which the amount of vinyl aromatic compound is comprised within the 
45 range of from 0.1 to 0.4 mol per 100 g of thermoplastic polymer. 

7. Process according to claim 6, in which the amount of vinyl aromatic compound is comprised within tiie 
range of from 0.15 to 0.3 mol per 100 g of thermoplastic polymer. 

50 8. Process according to claim 1 for stabilizing blends of bitumen having Z>5 and thermoplastic polymer, 
which comprises: 

(a) blending, under an inert atmosphere, bitumen and thermoplastic polymer at a temperature 
comprised within the range of from 210 to 240 *C; 

(b) adding a vinyl-aromatic compound to the mixtur obtained from above (a) step, still at a 
55 temperature comprised within the range of from 210 to 240 • C; 

(c) keeping the resulting blend at that temperature for a total time, including (a) and (b) steps, 
comprised within the range of from 1 to 4 hours. 
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Process according to claim 1, for stabilizing blends of bitum n having 2>5 and thermoplastic polymer, 
which comprises: 

(a) heating a blend of th abov said bitumen and a polymer, containing from 5 to 20% by weight of 
thermoplastic polymer, with a vinyl aromatic compound, at a temperature comprised within the range 
of from 210 to 240 * C, during a time comprised within the range of from 1 to 4 hours, 

(b) diluting the resulting blend with fresh bitumen in order to produce a stabilized bitumen-polymer 
blend containing from 1 to 1 5% of thermoplastic polymer. 
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